A high mean platelet volume (MPV) level has been demonstrated to predict poor clinical outcomes in patients with cardiovascular disease. However, the relationship between MPV and mortality in patients with acute cardiorenal syndrome (ACRS) is unknown. Therefore, we investigated the predictive value of MPV for in-hospital mortality of patients with ACRS who received continuous renal replacement therapy (CRRT) in this study.
Introduction
Acute cardiorenal syndrome (ACRS) is characterized as the development of acute kidney injury (AKI) in the patient with acute cardiac illness such as acute decompensated heart failure (ADHF), acute coronary syndrome, cardiogenic shock, and surgery-associated low cardiac output syndrome. [1] [2] [3] ACRS is a serious condition with poor survival rates and an increasing prevalence. [4] [5] [6] [7] [8] Recently, 2 large studies [9, 10] showed that the incidence of ACRS was approximately 20% in critically ill patients, and even mild renal impairment was also strongly related to increased risk of long-term mortality. [11] The pathophysiological mechanism of ACRS is complex, of which inflammation plays an important role in the worsening of renal function. [12, 13] Mean platelet volume (MPV) is a value calculated by the automated hematology analyzer, which reflects the average size of platelets in a blood sample. Elevation of MPV is suggestive of increasing platelet production and activation. [14] [15] [16] [17] [18] [19] Furthermore, MPV can be used as a biomarker in inflammation. Some previous studies have revealed an association between high mean platelet volume (MPV) and adverse cardiovascular or noncardiovascular outcome. [20] [21] [22] However, the association of MPV level with ACRS outcome is largely unknown.
The aim of the study is to observe the characteristics, outcomes of ACRS, and evaluate the association between the MPV level and mortality in ACRS patients receiving CRRT in China. We hypothesized that the MPV has potential as a prognostic biomarker for predicting the in-hospital mortality of these patients.
Methods
2.1. Patient population 2.1.1. Study population. This investigation was a singlecenter, retrospective study based on data from all patients with AKI who underwent CRRT from January 2009 to December 2014 in our hospital. We collected the cases met with diagnostic criteria of AKI [23] and ACRS. [24] ACRS cases were selected for further analysis. Exclusion criteria were as follows: aged < 14 years; chronic renal failure; other types of cardiorenal syndrome; maintenance hemodialysis or peritoneal dialysis; length of hospital stay < 48 hours, missing serum creatinine value within 48 hours after admission; error diagnosis and incomplete data.
Patients were classified into survivors and nonsurvivors groups according to the outcome at discharge. Based on the serum urea value at CRRT initial treatment, patients were classified into the early intervention group (serum urea 25 mmol/L) and the lateintervention group (serum urea > 25 mmol/L).
This study complied with medical ethics standards, and was approved by the hospital ethics committee. Informed consents were signed by all enrolled patients.
Data collection.
Data were obtained from our hospital electronic medical record system, a computerized system used for daily patient documentation, and verified with the written records of each patient. Demographic, clinical data, severity of illness, vascular access, CRRT mode, the time of CRRT initiation, and total duration of CRRT were collected. Demographic information included age, gender and length of hospital stay. Clinical data were recorded and included primary diagnoses, comorbidities (diabetes mellitus, hypertension), use of drugs, mechanical ventilation, and outcomes. Baseline values were based on the values at admission, the initial treatment values were based on the CRRT initial treatment, and the post-treatment values were based on the post-CRRT treatment. If serum creatinine (SCr) and urea at discharge were lower than that at admission, these values were considered to be the basal level. Glomerular filtration rate (GFR) was estimated using the simplified Modification of the Diet in Renal Disease (MDRD) formula. MDRD equation: estimated GFR = 186 Â (SCr level in mg/dL) À1.154 Â (age in years) À0.203 . The product of this formula is multiplied by a correction factor of 0.742 for women.
2.1.3. CRRT treatment. All patients underwent conventional management strategies, including fluid resuscitation, vasopressors, anti-infectives, respiratory support, nutritional support, and vital signs monitoring. CRRT was performed using the Aquarius bedside hemofiltration machine with an HF1200 hemofilter through a double-lumen 16G catheter inserted into the internal jugular or femoral vein. The mode of CRRT was continuous veno-venous hemofiltration (CVVH) or continuous veno-venous hemodiafiltration (CVVHDF). The blood flow rate was at 150 to 250 mL/min with an effluent rate of 4000 mL/h. According to the condition of patients, the duration of treatment was taken 24 hours continuous or 5 to 10 hours daily. Low molecular weight heparin or argatroban anticoagulant was used to maintain circuit patency. Heparin-free anticoagulant was used in the patients with a high risk of bleeding tendency, and the circuit was regularly rinsed with normal saline.
Statistical analysis
Continuous variables were reported as median and interquartile range (25th-75th percentile), and categorical variables were expressed as number and percentage. Continuous variables were compared using the Mann-Whitney U test. Categorical variables were compared using Fisher's exact test. The predictive ability of MPV was assessed with the area under the receiver operating characteristic curve (AUC) method. Univariate logistic regression analysis was performed to evaluate risk factors associated with the prognosis of ACRS. All tests were two-sides and P < .05 was considered statistically significant. Statistical analysis was conducted using SPSS 21.0 (SPSS Inc., Chicago, IL).
Results

Baseline characteristics
The selection process for the study is presented in Fig. 1 . Thirtyfive ACRS patients were entered in the analysis, which was the most common cause of AKI (35/223, 15.7%). Baseline characteristics are summarized in Table 1 . Males and the elderly were more common. Hypertension and diabetes accounted for 48.6% and 40%, respectively. Acute myocardial infarction (AMI) was the most common cause of ACRS (54.3%), followed by ADHF (25.7%). The baseline MPV value was 11.0 fl.
At baseline, there were significant differences in age and MPV value between survivors and nonsurvivors (P = .039 and .042, respectively). However, there were no significant differences in other variables (P > .05). Between early intervention and late-intervention group, only age was statistically different (P = .001).
Clinical characteristics at the CRRT initial treatment
The comparison between survivors and nonsurvivors are shown in Table 2 . Number of organ failure, APACHE II score and MPV in the nonsurvivors were significantly higher than those in the survivors (P < .05). However, the cardiac function class and mean arterial pressure were significantly lower in the nonsurvivors (P < .05).
In a comparison between the early-intervention group and the late-intervention group, there were significant differences in the use of contrast agent, APACHE II score and serum AST, (P <.05), Medicine but no significant differences were found in other variables (P > .05) ( Table 3 ).
Clinical outcomes
The in-hospital mortality was 51.4% (18/35) in this study. The mortality of the late-intervention group was 66.7%, which was higher than that of the early intervention group (40%), but the difference was not statistically significant (P = .118). No matter in different prognostic groups or in different treatment timing groups, there were no significant differences in the routine blood tests (WBC, HB, MPV, etc.) after finishing CRRT treatment (P > .05).
MPV for predicting in-hospital mortality in ACRS patients receiving CRRT
To examine the predictive value of MPV for in-hospital mortality, ROC curve analysis was performed. As shown in Fig. 2 , the AUC value of MPV as predictor of in-hospital mortality was 0.735 (P < .05).
Analysis of related risk factors associated with the prognosis
Univariate logistic regression analysis of related risk factors was performed. The results demonstrated that age, cardiac function 19 (11, 22) Values are expressed as the median (Q1, Q3) or n (%). ACS = acute coronary syndrome, ADHF = acute decompensated heart failure, Albumin = ALB, ALT = alanine transaminase, AMI = acute myocardial infarction, AST = aspartate transferase, DKD = diabetic kidney disease, DM = diabetes mellitus, eGFR = estimated glomerular filtration rate, FBG = fasting blood glucose, HB = hemoglobin, HCT = hematocrit, MPV = mean platelet volume, Post-MVR = postoperative mitral valve replacement, RDW = red cell distribution width, Scr = serum creatinine, TB = total bilirubin, TDAB = third degree atrioventricular block, WBC = white blood cell. Values are expressed as the median (Q1, Q3) or n (%). AKI = acute kidney injury, ALB = albumin, ALT = alanine transaminase, APACHE = Acute Physiology and Chronic Health Evaluation, AST = aspartate transferase, FBG = fasting blood glucose, HB = hemoglobin, MAP = mean arterial pressure, MPV = mean platelet volume, NT-ProBNP = N terminal pro B type natriuretic peptide, NYHA = New York Heart Association, Scr = serum creatinine, WBC = white blood cell. NYHA class, number of organ failure, APACHE II score, MAP, MPV, and use of vasopressors were associated with the prognosis of patients (P < .05).
Discussion
In the present study, we compared the clinical characteristics of patients with ACRS who underwent CRRT in different prognostic as well intervention timing groups, and investigated the predictive value of MPV for in-hospital mortality of these patients between 2009 and 2014 in our hospital. The results indicated that MPV might be useful in predicting short-term mortality in patients with ACRS. Acute cardiorenal syndrome, also known as cardiorenal syndrome type 1, is a common clinical condition, but its epidemiology is still unclear. [24] Previous studies have shown that the incidence of AKI in ADHF and acute coronary syndromes was 20-45% and 9% to 20%, respectively, [5, 6, 25, 26] while in cardiogenic shock, up to 70% of patients might develop AKI. [26] Similarly, we found that ACRS has become the most common cause of AKI, especially among males and the elderly. AMI was the first cause of ACRS patients treated with CRRT (54.3%) in the study. Furthermore, patients with ACRS had increased risk of AMI. [27] Because the etiology of ACRS varies widely, the prognosis is not the same. Recently, Prins and colleagues [28] retrospectively analyzed 37 ACRS patients with ADHF who underwent CRRT. In their study, the hospital mortality was 62%, which was higher than our reported 51.4%. Although CRRT plays an important role in the treatment of patients with ACRS, [29] the timing of CRRT initiation was controversial due to the difficulty in defining early and late initiation. [30] [31] [32] Compared with the early intervention group, the mortality rate in the lateintervention group was higher (66.7% vs 40.0%) in this study, however, the difference was not statistically significant (P = .118). Therefore, the relationship between the timing of CRRT and prognosis of ACRS still need to be further explored.
MPV is a well-established marker of platelet size and has been known to be a marker of platelet activation. [33, 34] Also, platelet activation is a hallmark feature in inflammation. Large platelets contain more prothrombotic cytokines and these factors have a variety of effects in endothelial function and inflammation associated with cardiovascular disease. In fact, various studies have shown the association between MPV and cardiovascular disease. [35] Additionally, MPV was also associated with noncardiovascular disease such as AKI. In a recent study including 349 patients with AKI, the result indicated that MPV was an independent predictor of mortality. [36] In the present study, we found that the platelet count was lower in the late-intervention group. Meantime, the MPV level in the nonsurvivors was 12.3 fl, which was significantly higher than that in the survivors (10.6 fl). We think this may be associated with higher platelet activation and more severe inflammation in the non-survivor group. The AUC of MPV for predicting in-hospital mortality was 0.735. In addition, univariate analysis showed that MPV along with other factors such as cardiac function classification, APACHE II score were associated with adverse outcomes. Therefore, our findings suggest elevated MPV may be useful in predicting hospital mortality of ACRS patients.
There are several limitations in the study. First, MPV values were not continuously monitored, which made the significance of the study limited. Moreover, the CRRT timing (early or late) may affect the value of MPV. Second, some patients lacked preadmission data (e.g., blood routine, renal function), which might lead to inaccurate baseline data, although it was not uncommon in clinical practice. [37, 38] Third, this was a small sample size, observational study. The cut-off value of MPV could not be obtained, and it was difficult to draw the conclusion of higher MPV and adverse outcome.
In conclusion, our study demonstrated that ACRS was a strong predictor of adverse events with an incompletely understood pathophysiology. CRRT therapy played an important role in saving the critically ill patients with ACRS. MPV was an inexpensive and rapid method of examination, which might be a useful predictor of ACRS prognosis. Our conclusion still needs to be confirmed by prospective multicenter randomized controlled trials. Values are expressed as the median (Q1, Q3) or n (%). AKI = acute kidney injury, ALB = albumin, ALT = alanine transaminase, APACHE = Acute Physiology and Chronic Health Evaluation, AST = aspartate transferase, CRP = C -reactive protein, FBG = fasting blood glucose, HB = hemoglobin, MAP = mean arterial pressure, MPV = mean platelet volume, NTProBNP = N terminal pro B type natriuretic peptide, NYHA = New York Heart Association, Scr = serum creatinine, WBC = white blood cell. 
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